To assess whether a correlation exists between newsworthiness (Altmetric score) and scientific impact markers, such as citation analysis, impact factors, and levels of evidence.
Introduction
Discordance exists between scientific impact and media attention. Social and conventional media forums often publicise scientific articles of interest to the general population from lower impact scientific journals [1] . These articles may generate widespread attention or 'buzz' due to the nature of the topic despite potentially less rigorous methodology. As Warren et al. [2] have remarked in a recent commentary, it is increasingly important for researchers, publishers, and funding bodies to be able to sift the relevant from the irrelevant as academic output increases globally.
Traditional metrics for assessing the quality of scientific research include citation analysis of articles and impact factors of journals. Citation analyses are widely used to characterise the authors and articles most influential in a particular field or journal [3] [4] [5] . A higher number of citations is viewed as an indicator of the importance of the research [6] . The rate of citations is also a surrogate marker for the impact of the journal publishing the article. The journal impact factor is calculated as the ratio of the number of citations for articles published in the current year to articles published in the two preceding years, divided by the number of citable items published in the same 2 years [7] . Critics of the impact factor, as a marker of quality, highlight various practices that can be used by publishers to artificially increase their impact factor such as self-citations, limiting the number of articles included, increasing the number of review articles, The aim of the present study was to assess whether there is a correlation between newsworthiness (Altmetric score) and scientific impact markers, such as citation analysis, impact factors, and a given article's level of evidence.
Methods
A search of the Journal of Citation Reports (JCR) was performed using 'Urology and Nephrology' as the search category on 19 August 2016. Nephrology journals were excluded. Only journals published in the English language were included in the study. The impact factor of each urological journal was recorded from the annual JCR dating back to 2008.
Scientific Impact Group
The top five cited articles for the year 2014 and 2015 were identified for the top 10 ranking urology journals in JCR. Citation analysis was extracted from Scopus database on 25 September 2016. The number of citations for each article was recorded. The Altmetric score for each article was determined by the Altmetric Bookmarklet for Google Chrome Internet browser (available at altmetric.com, Altmetric LLP, London, UK). The higher the Altmetric score, the more an article has been shared.
Media Impact Group
Altmetric support (support@altmetric.com) were contacted and asked to provide the top 50 highest scoring articles as ranked by Altmetric score for 2014 and top 50 from 2015 from the urology journals outlined in the JCR. The number of citations per article was then extracted from the Scopus database on 25 September 2016.
Levels of Evidence
All full-text articles were reviewed by two authors (E.M.O.C. and G.J.N.) and attributed a level of evidence as per the Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence [24] .
Statistical Analysis
Descriptive statistics using counts and proportions were used to describe the articles included and tabulated accordingly. Spearman's correlation analysis was used to explore the relationship between citation counts for individual articles, their corresponding journal's impact factor, and Altmetric scores for respective articles. Graphs and scatter plots were constructed using both Excel and Prism 7 software (GraphPad Prism version 7.00 for Mac, GraphPad Software, La Jolla CA, USA, www.graphpad.com). Differences in the levels of evidence between the scientific and media impact groups were compared with the chi-squared test for 5 9 2 tables. All statistical analysis was performed using Prism 7 software (Prism 7, GraphPad Software). Institutional Review Board approval was not required.
Results

Top Urology Papers Based on Impact Factor and Citations (Scientific Impact Group)
Among 78 journals indexed in the 'Urology and Nephrology' category of the JCR, 40 of these were urological journals. The median (range) impact factor was 1.52 (0. 16-13.94 ). The 10 most frequently cited articles (top five from each of 2014 and 2015) for the top 10 ranking journals by impact factor in JCR are listed in Table 1 (full reference list available in Appendix S1). The mean (SD) number of citations per article was 37.6 (64.0), with a median (interquartile range) score of 25 (12.25-35 Analysis of the Altmetric scores of these 100 articles revealed a mean (SD) score of 14.76 (30.56), with a high score of 220 and a lowest score of zero (18 articles had scores of zero). The highest scoring article was by Thomas et al. [25] , a double-blind, placebo-controlled randomised trial evaluating the effect of a polyphenol-rich whole food supplement on PSA progression in men with prostate cancer -the U.K. NCRN Pomi-T study, in 2014.
The Altmetric score of each of the 100 articles by journal of publication can be found in Table 1 . In these 100 articles, there was a weak positive correlation between number of citations per article and Altmetric score (r s = 0.35, 95% CI 0.16-0.52, P < 0.001) and between Altmetric score and journal impact factor (r s = 0.41, 95% CI 0.22-0.56, P < 0.001). The non-linear relationship is shown in Figs 1 and 2 below.
Top Urology Papers Based on Altmetric Scores (Media Impact Group) Among the top scoring urology articles by Altmetric score, the mean (SD) number of citations was 9.65 (13.11) and the median score was 6. The highest number of citations was 93 and the lowest was zero (a total of 10 articles had zero citations). In these articles, we found a weak negative correlation between Altmetric score and number of citations per article (r s = À0.20, P = 0.046) and between Altmetric score and journal impact factor per article (r s = À0.12, P = 0.22). The non-linear relationship is shown in Figs 3 and 4 below. Tables 1 and 2 and Fig. 5 show the levels of evidence attributed to each article. The Scientific Impact Group had more level 1, 2, and 5 articles (14%, 19% and 44%, respectively) than the Media Impact Group (5%, 8%, and 34% respectively), whereas the Media Impact Group had more level 3 and 4 articles (23% and 30%, respectively) than the Scientific Impact Group (10% and 13% respectively; chisquared 21.87, P < 0.001).
Levels of Evidence
Discussion
The present study highlights an important disparity between scientific impact and newsworthiness. Articles that received the most attention in mainstream media all related to sexual medicine. These specific articles ranked poorly on traditional scientific metrics, such as citation analysis and impact factor, with some receiving zero citations. Conversely, the highest ranking articles based on traditional scientific metrics were urological oncology guidelines. These articles also received media attention as evidenced by their Altmetric scores, but to a lesser extent than many sexual medicine studies. This disconnect between scientific impact and media dissemination questions what is the best measure of overall impact. Although the target audience for scientific research may differ from mainstream media, it is also important that high-impact research is disseminated to the general public for its results to have an impact.
Urologists have been at the forefront of adopting social media, so it is not surprising that we found a positive correlation (although only weakly positive) between traditional citation counts and Altmetric score for the most highly cited urology papers. Chung et al. [13] reported that urological conferences were associated with significantly more Twitter activity than other surgical conferences; with more than triple the number of impressions, tweets and broadcasting twitter users. The use of Twitter at urological conferences has been widely discussed as a means of broadening the reach of the conference and allowing interaction between delegates with Twitter users present at the conference and remote followers from around the world [11] [12] [13] [14] [15] [16] [17] [18] [19] . Wilkinson et al. [16] demonstrated this across eight international urological conferences. Studies have shown that most tweets during conferences were informative and scientific in nature [15, 19] .
Less is known about the nature of urology publications that are most widely disseminated in conventional and social media. In fact, those articles with the greatest media attention scored lower on conventional scientific metrics with significantly fewer or, in some cases, zero citations. It was also interesting to note that the highest ranking articles by Altmetric score were either published in the Journal of Sexual Medicine or had topics such as penis length or the therapeutic value of sexual intercourse for ureteric stones as their content [26, 27] . This is not entirely surprising given that articles of this nature are likely to draw more attention from global media and the general public, but had less impact among the academic community perhaps given the fact that they were published in journals with lower impact factors.
Conversely, articles deemed to be of high quality by citation analysis and impact factor did correlate weakly with Altmetric scores. However, of the top 100 most cited articles in the scientific urology literature, almost 20% had an Altmetric score of zero. This highlights that conventional and social media serve a general audience with different interests from the academic-based audience that traditional metrics measure. Selvaraj et al. [1] previously showed that the media often select articles outside of the highest quality impact journals and in doing so they often choose articles that may be of more interest to the general population but are lower in the hierarchy of research design, methodology, and scientific quality. This is also reflected in the differences between the two groups for the levels of evidence that each group's articles represent. The higher proportion of level 1 and 2 articles in the Scientific Impact Group likely represents the onus the scientific community places on well-designed randomised controlled trials and systematic reviews. Review articles and 'bench research' (level of evidence 5) also were more highly represented in the Scientific Impact Group.
Although Altmetrics address some of the potential disadvantages of journal impact factor and other conventional measures of impact, there are other limitations. As Warren et al. [2] would suggest, it is important to interpret Altmetric scores with caution. They also highlight that if taken in isolation, Altmetric scores might further promote and legitimise sensational outcomes. The near-instantaneous nature of the Altmetric score means that it may be difficult to assess the credibility of commentators and the validity of their comments. Although Altmetrics attempt to address these limitations by reviewing and occasionally weighting author contributions of each mention, dissemination scores do not replace the need for independent evaluation of the primary literature [12] . Similar to the limitations associated with citations, an article may develop media interest based on a catchy headline or negative finding, so physicians and scientists must continue to differentiate quality evidencebased data. Whilst it appears that there is scope for the use of Altmetrics, particularly with the expanding role of social media, it is important to remain cognisant of the difference between rigorous scientific review processes, and mainstream media publication of what the media believe will appeal to the general public. Researchers should be encouraged to engage more effectively with digital media to promote the important (but perhaps less headline grabbing) papers that are published; those that we feel as a profession are most important for our practice and have the greatest potential for impact on patients.
A limiting factor of the present study is that it examines papers published in both 2014 and 2015. Those published in 2014 will have a temporal advantage in achieving an increased citation count and Altmetric score. We postulate that the Altmetric score is probably less affected by a longer lead time, as there is generally a 'spike' in Altmetric score shortly after publication whereas citations are accrued more slowly [23] . Another limitation includes the fact that Altmetric scores were only obtained from the top 40 urology journals from in the JCR, and therefore did not capture urology-related articles published in non-urology journals such as the New England Journal of Medicine. In addition, we acknowledge a degree of potential selection bias as we are drawing comparisons at the extreme end of the scale, i.e. in articles that have the highest number of citations or Altmetric score. Finally, the Oxford Levels of Evidence rating system is considered overly focused on study design; however, it is the most widely used and recognised system [28] . The inherent subjectivity of the assessment of levels of evidence is another limitation [28, 29] .
Whilst there have been several studies examining Altmetric scores and their correlation with citation counts of scientific papers [12, 23, 30] , few studies have specifically examined Altmetric score and citation analysis for individual medical and surgical specialties [7, 31, 32] . To our knowledge, the present study is the first to analyse the relationship between traditional citation metrics and Altmetric score in the field of urology.
Conclusion
There is discordance between traditional scientific markers of quality and Altmetric scores, which capture the wider influence of an article in mainstream digital media. There is scope for a wider use of Altmetric scores in the professional setting, as social media use has become an important facet of medical practice and publishing; however, the traditional metrics remain important predictors of scientific quality.
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